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THE TRANSMISSION OF TYPHUS FEVER, WITH ESPECIAL 
REFERENCE TO TRANSMISSION BY THE HEAD LOUSE 
(PEDIOULUS CAPITIS). 

By Joseph Goldberger, Passed Assistant Surgeon, and John F. Anderson, Director 
Hygienic Laboratory, Public Health and Marine-Hospital Service. 

In a recent paper 1 we showed that Brill's disease, which is appar- 
ently endemic in New York City, is identical with the typhus fever 
of Mexico, and as it is reasonably certain that the New York disease 
is of European origin we also concluded that the typhus of Europe 
and that of Mexico are identical. During the progress of the experi- 
ments necessary for the foregoing demonstration of the identity 
of the so-called Brill's disease and Mexican typhus we took up the 
study of various related problems. These studies were carried out 
concurrently in Mexico and at the Hygienic Laboratory in Washington. 

At this time we desire to present the results of some of our work on 
the mode of transmission of this disease. Before presenting the 
details of this work it will be desirable to briefly review the present 
status of our knowledge of the transmission of typhus fever. 

Nicolle, Comte, and Conseil 2 were the first to demonstrate insect 
transmission of typhus fever. In September, 1909, they reported 
the successful transmission of typhus fever from one' bonnet monkey 
(M. sinicus) to two others by means of the body louse (Pediculus 
vestimenti). In this paper they showed that body lice that had fed 
upon an infected monkey were able to convey typhus fever some 
time between the first and the seventh day thereafter. 

Independently of Nicolle, Comte and Conseil, Anderson and 
Goldberger,- 1 beginning their work on this problem in November, 

1909, reported two attempts to transmit Mexican typhus from man to 
monkey by means of the bite of the body louse in February, 1910. 
In one of their experiments one of the monkeys showed a slight 
elevation of temperature 8 days after the last exposure to the bites 
of the infected lice. Unfortunately, circumstances prevented their 
making an immunity test; but in the light of later studies it seems 
probable that the elevation of temperature was due to infection 
with typhus. 

Ricketts and Wilder, 4 also working in Mexico, reported in April, 

1910, that they were able to transmit the virus of typhus fever by 

i Anderson, John F., and Goldberger, Joseph: The relation of so-called Brill's disease to typhus fever. 
An experimental demonstration of their identity. Public Health Reports, vol. 27, Feb. 2, 1912, p. 149. 

2 Nicolle, Charles; Comte, C; and Conseil, E.: Transmission experimental du typhus exanthematique 
par le pou du corps. C R. des Acad. Sci., vol. 149, Sept. 6, 1909, p. 486. 

3 Anderson, John F., and Goldenbergcr, Joseph: On the infectivity of tabardillo or Mexican typhus for 
monkeys and studies on its mode of transmission. Public Health Reports, vol. 25, Feb. 18, 1910, p. 177. 

* Ricketts, Howard T., and Wilder, Russell M.: The transmission of the typhus fever of Mexico (tabar- 
dillo) bv means of the louse {Pediculus vestimenti). Journ. Am. Med. Assn., vol. 54, Apr. 16, 1910, p. 1304- 
1307. 
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means of the bite of the body louse from man to monkey and from 
monkey to monkey. They also reported the successful transmission 
of typhus virus to the monkey by introducing into scarifications of 
the skin the abdominal contents of some infected lice. They record 
the interesting observation that, as a rule, in their louse experiments, 
the monkeys had no very significant temperature reaction and that 
proof of infection was dependent upon immunity tests with virulent 
blood. 

In July, 1911, Wilder ' reported additional experiments on infection 
of monkeys with body lice by biting and intradermal inoculation. 

In January, 1911, Nicolle and Conseil, 2 continuing their work of 
September, 1909, report further successful experiments on the 
transmission of typhus fever to the bonnet monkey by means of the 
bite of infected body lice. 

EXPEEIM ENTAL. 

Body lice (Pediculus vestimenti). 

The first experiments we wish to report were made with body lice. 

Experiment No. 1. — A number of body lice were collected from the 
clothes of healthy persons and on the afternoon of October 18, 1911, 
were applied to the belly of rhesus No. 158. They were again allowed 
to feed on No. 158 in the morning and afternoon of October 19, and 
again in the morning of October 20. In the afternoon of October 20 
and thereafter twice daily up to and including October 22 they were 
fed on rhesus No. 157. lthesus No. 157 and No. 158 were both sick at 
this time with typhus fever (New York virus — Brill's disease). After 
having fed in diminishing numbers on 5 successive days on sick mon- 
keys the lice were applied to a fresh monkey, rhesus No. 127, in the 
morning and afternoon of October 23 and twice daily thereafter up to 
and including October 29, when feeding was discontinued. At this 
time 22 of the lice were still alive and were used in experiment No. 2. 
During the experiment the lice were kept at a temperature of 15° to 
18° C. 

Khesus No. 127 was kept under observation for 37 days after the last 
feeding, when the animal was given an immunity test by inoculation 
with virulent blood. After 9 days incubation rhesus No. 127 devel- 
oped typhus fever, indicating that the animal had not been infected 
by the previous biting of the lice. 

Experiment Ao. 2. — The lice used in experiment No. 1 were killed 
with chloroform vapor on.October 30, the day after their last feed on 
rhesus No. 127. They were then ground in a mortar with salt solution 
and injected subcutaneously into rhesus No. 137. Forty-three days 
later, having in the meantime given no evidence of infection with 
typhus fever, this monkey was given an immunity test consisting of 
an injection of virulent blood (New York virus). To this it responded 
after 9 days incubation with a typical attack of typhus fever, showing 
that the injection of crushed lice killed with chloroform vapor had not 
infected rhesus No. 137 with typhus. 

Experiment No. 3. — On October 27 about 150 body lice were 
obtained from the clothes of healthy persons and applied to the 

i Wilder, Russell M.: The problem of the transmission of typhus fever, Journ. Infec. Dis., vol. 9, July, 
1911, p. 9-101. 

2 Nicolle, Charles, and Conseil, C: Etiolo?ie du typhus exanthematique. Ann. de l'Inst. Pasteur, vol. 
25, p. 08-78. 
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belly of rhesus No. 139 in the afternoon of the same day. Twice 
daily thereafter up to and including the morning of October 31, they 
were allowed to feed on rhesus No. 139. In the afternoon of October 
31 and in the morning and afternoon of November 1 they fed on 
rhesus No. 95. Rhesus Nos. 139 and 95 were at this time both sick 
with typhus, induced by blood inoculation with the New York virus 
(Brill's disease). From November 2 up to and including November 
9 they were fed twice daily on rhesus No. 165. a fresh monkey. 
When the feedings were discontinued on November 9 only 9 lice 
remained alive. Throughout this experiment the lice were kept 
at 15° to 18° C. Chart No. 1 shows the temperature curve of 
rhesus No. 165 from the first feeding by infected lice on November 
2 up to the time of the animal's death. Eleven days after the 
first and 4 days after the last feeding by infected lice the tem- 
perature of rhesus No. 165 began to rise and remained elevated 4 
days, when it fell below its normal range. Ten days later the 
animal apparently had a relapse lasting 3 days. From this time on 
the animal progressively failed, and death occurred on December 8. 
At the autopsy no macroscopical changes were noted in any of the 
organs. An attempt at passage on the first day of what we interpret 
as typhus fever, with the blood of this animal, using washed cor- 
puscles, failed. 

In spite of the failure at passage (compare experiment No. 7 below), 
we believe it is permissible to conclude that the rise in temperature of 
rhesus No. 165, beginning on November 13, was due to infection with 
typhus (Brill's disease), following the bite of infected lice from 4 to 11 
days previously. 

Experiment No. 4- — On November 2, 6 days after their first and 
1 after their last infecting feed, 10 of the lice used in experiment 
No. 3 were killed with chloroform vapor, ground in a mortar with 
salt solution, and injected subcutaneously into rhesus No. 145. 
Having given no evidence of a constitutional reaction, the immunity 
of this animal was tested 40 days after the injection of the crushed 
lice by an injection of virulent typhus blood (New York virus). The 
monkey developed fever after 8 days' incubation, indicating that 
infection with typhus had not resulted from the subcutaneous injec- 
tion of crushed lice killed with chloroform vapor. 

Experiment No. 5. — About 9.30 a. m. on December 3, 83 body lice 
(Pediculus vestimenti) of group No. 7-M i and 83 of group No. 8-M 
were mixed, crushed in a mortar, and ground up in saline solution. 
Of this suspension 3.5 c. c, representing about 35 body lice, was 
subcutaneously injected into rhesus No. 308 and 1.5 c. c, represent- 
ing about 15 lice, into rhesus No. 309. 

Body lice of group No. 7-M had been allowed to feed daily during 
the 6 days immediately prior to the date of the experiment on various 
cases of typhus fever in the Hospital General, Mexico City. They 
were last applied to case No. 16-M, in the eleventh day of illness, at 
10.50 to 11.20 a. m. December 2. 

Body lice of group No. 8-M were insects that had been allowed to 
feed daily during the 5 days immediately preceding the date of the 
experiment on various cases of typhus fever. They were last applied 
to case No. 16-M, in the eleventh day of illness, at 10.20 to 10.50 a. m. 

i M— Mexican series; N — New York series. 
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December 2. Throughout the experiment these lice were kept at 
room temperature (about 14° to 24° C). 

Following the foregoing inoculations a slight redness of the skin 
developed at the site of injection in rhesus No. 308. This was 
incised about 24 hours after inoculation, but no pus was found. In 
the case of rhesus No. 309 some redness and swelling developed at the 
site of injection, which was incised 24 hours after the injection and a 
small amount of pus evacuated. During the period of observation of 
both animals no evidence of a febrile reaction was noted in either. 

On January 10, 1912, or 38 days after their inoculation with the 
crushed-lice suspension, having in the meantime been returned to the 
Hygienic Laboratory, the two monkeys were given an immunity test, 
each animal receiving 3 c. c. of defibrinated blood of rhesus No. 187 
(New York virus) intravenously. Following this inoculation both 
animals reacted sharplv, No. 308 after an incubation period of 8 and 
No. 309, of 9 days. 

The inoculation of these two animals with the crushed-lice suspen- 
sion had, therefore, been without appreciable result. 

Experiment No. 6. — The preceding experiment was repeated on 
December 10, with 73 body lice (P. vestwienti) of group No. 9-M. 
The body lice composing this group were variously applied and fed on 
cases of typhus fever at the Hospital General, Mexico City, during the 
6 days immediately prior to the date of the experiment. Throughout 
tins period they were kept at room temperature (14° to 24° C). They 
were last applied on December 9, between 10.15 a. m. and 12 m., to 
case No. 19-M, in the seventh day of illness. About 29 hours later, 
namely, December 10, at 5.30 p. m., they were crushed and rubbed up 
in saline solution and at 8.05 p. m. subcutaneously injected in rhesus 
No. 320. During the subsequent period of observation monkey No. 
320 gave no evidence of a reaction. 

On January 10, 1912, 31 days after the injection of the crushed- 
lice suspension, having in the meantime been returned to the Hygi- 
enic Laboratory, this animal was given an immunity test consisting 
of an injection of 3 e. c. of defibrinated blood of rhesus No. 187 (New 
York virus), part intravenously and part subcutaneously. Twenty- 
one days later, namely, January 31, having in the meantime given 
no indication of a reaction, he was given a second immunity test, 
consisting of 2.5 c. c. of defibrinated blood of rhesus No. 115" (New 
York virus) intravenously. During a period of observation of 23 
days following this inoculation no evidence of a reaction developed. 
At each test a pair of fresh monkeys were inoculated as controls, and 
in each instance one of the respective pairs developed fever. Although 
only one of each pair of controls reacted, we believe it more than 
probable that the failure of monkey No. 320 to react was due to an 
immunity conferred by the previous injection with crushed-lice 
suspension. 

Head lice (Pediculus capitis). 

Although all the important features of the epidemiology of typhus 
are satisfactorily explained on the basis of its transmission by means 
of the body louse (P. vestimenti), nevertheless, on account of the close 
relationship between this insect and the head louse (P. capitis), it 
seemed desirable to test the possibility of the transmission of the 
disease by this latter species. 
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Our first experiment with head lice was made to determine whether 
the virus of typhus was capable of retaining its virulence as long as 
20 to 24 hours in the body of this insect. 

Experiment No. 7. — On November 14, 1911, 17 lice of group No. 
1-M were crushed and rubbed up in saline solution and then, after a 
moment's standing to allow the coarse particles to settle, the suspen- 
sion was injected subcutaneously into rhesus No. 306. The lice of 
group No. 1-M were obtained from the hair clipped from the scalp of 
case No. 4-M on November 12, on admission to the typhus ward of 
the Hospital General, Mexico City. At the time of admission this 
patient was in the eighth day of his disease. At 10 a. m., November 
13, these insects were applied to a patient (case No. 1-M) in the thir- 
teenth day of a well-marked attack and 15 of the insects fed. At 
11.30 a. m., November 14, 12 of the 17 lice were still living. Beth 
the living and the dead, 17 in all, were, as above recited, crushed and 
injected into rhesus No. 306. During the progress of the experi- 
ment the insects were kept at room temperature (14° to 24° C). 

On the following day, November 15, 23 lice of group No. 2-M, 
after being crushed and rubbed up as were those of group No. 1-M, 
were subcutaneously injected into the same monkey — rhesus No. 306. 
The lice of group No. 2-M were collected from the hah clipped from 
the scalp of a patient (case No. 5-M) in the eighth day of a well- 
marked attack of typhus at the time of admission to the typhus pa- 
vilion, namely, about 3.30 p. m., November 14, 1911. These head 
lice were kept at air temperature (14° to 24° C.) until 11.30 a. m. 
of the next day, when 13 were found alive and 10 dead. At this time, 
at least 20 hours from the last possible feed, these lice, both living and 
dead, were crushed and subcutaneously injected into rhesus No. 306. 
Following this injection there was practically no local reaction, but 
the temperature of the animal rose rapidly (see chart No. 2), reaching 
41.1° C. on November 16. It dropped with equal rapidity to normal, 
where it remained until November 21. In the afternoon of this day, 
or 7 days after the first and 6 days after the second injection, the 
temperature of the animal again rose and remained elevated for 7 
days. At the end of this period it declined rapidly to normal, where 
it has remained. 

An attempt at passage from the monkey was made on November 
23, about 48 hours after the second rise in temperature. Blood was 
aspirated from the heart, at once defibrinated, and 3 c. c. injected 
intravenously into rhesus No. 314, a fresh monkey; but during a 
subsequent period of 29 days this animal gave no evidence of a re- 
action. This failure to effect passage made it necessary to subject 
rhesus No. 306 to an immunity test in order to determine definitely 
the nature of the febrile reaction following the above inoculation with 
head lice. 

On December 29, therefore, rhesus No. 306 was given an intra- 
peritoneal injection of 6 c. c. of" defibrinated blood from case No. 
35-M, diluted with an equal volume of saline solution. Three days 
later the animal was given an additional intraperitoneal injection of 
4 c. c. of defibrinated blood of case No. 39-M, likewise diluted with 
an equal volume of saline solution. Following these inoculations the 
temperature of the monkey has remained normal, though two others 
(rhesus Nos. 324 and 304) inoculated with identical quantities of the 
same specimens of blood on the same dates have given prompt and 
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sharp febrile reactions, testifying to the virulence of at least one of 
the specimens used for their inoculation. 

We conclude, therefore, that the febrile reaction beginning Novem- 
ber 21 suffered by rhesus No. 306 was due to infection with the typhus 
virus in the bodies of the head lice with which it was inoculated. 

Although the typhus virus may retain its virulence in the body of 
the head louse for at least 20 to 24 hours, as shown in the foregoing 
experiment, it does not necessarily follow, though strongly suggested, 
that this louse is capable of transmitting the disease in the normal 
way, namely, by biting. The following experiments with head lice 
were made, therefore, to test this point: 

Experiment No. 8. — On November 16, 1911, at 12 m., 25 head lice 
of group No. 3 were applied to the shaved belly of rhesus No. 302 
and 15 of them fed. At 4.30 p. m. this group of lice was reapplied 
and again 15 fed. After this the lice were applied to rhesus No. 302 
twice daily in rapidly diminishing numbers till November 19, in the 
afternoon of which date a solitary survivor was given its last feed. 

The lice of group No. 3-M were head lice collected from the heads 
of 3 typhus patients (cases 6-M, 7-M, and 8-M) in the afternoon of 
November 15, at the time of their admission to the typhus ward of 
the Hospital General, Mexico City. From the time they were col- 
lected these insects were kept at room temperature (about 14° to 22° 

C). 

In addition to the foregoing rhesus No. 302 was subjected to the 
bites of two lice constituting group No. 4-M in the forenoon and 
afternoon of November 18. Thereafter, twice daily, a single sur- 
vivor of this group was applied until the morning of November 20, 
when this insect obtained its final feed. The two lice constituting 
group No. 4-M were obtained from the hair of the head of case No. 
9-M at about 3 p. m. of November 17 on admission to the typhus 
ward. Two hours later they were reapplied to this patient and both 
fed. Following this thev were kept at room temnerature (about 
14° to 22° C). 

During a period of observation of 30 days subsequent to the last 
inoculation by the bite of the survivor of lice group No. 4-M rhesus 
No. 302 gave no appreciable reaction. On December 22, or 32 days 
after being last bitten, this monkey was subjected to an immunity 
test by receiving an intraperitoneal injection of 4.5 c. c. of defibrinated 
blood of case No. 26-M, diluted with an equal volume of normal 
saline solution. At the same time and with some of the same blood, 
monkeys Nos. 314, 315, and 316 were similarly inoculated. Nos. 314 
and 316 each receiving 4.5 c. c. and No. 315, 5 c. c. , likewise diluted with 
equal volumes of saline solution. Of these 4 animals No. 302 was 
much the smallest, No. 315 very much the largest, while Nos. 314 and 
316 were intermediate in size between Nos. 302 and 315. It follows, 
therefore, that although Nos. 314 and 316 received the same amount 
of blood as No. 302 and No. 315 about 0.5 c. c. more, rhesus No. 302 
actually received a relatively larger dose. Nevertheless, rhesus No. 
302 is the only one of the 4 animals that failed to give any evidence of 
a reaction (see charts Nos. 3, 4, 5, and 6). Rhesus No. 314 gave a 
prompt and well-marked reaction. This animal, it will be recalled, 
was previously used for the unsuccessful attempt at passage from 
rhesus No. 306. Rhesus No. 315 presented a well-defined but mild 
reaction, while No. 316 gave indications of a brief abortive reaction 
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that was at its height (40° C.) on the tenth day after inoculation. 
Both these animals had been subjected to a previous inoculation 
with typhus fever blood, each having received an intravenous inocu- 
lation of 2.5 c. c. of defibrinated blood from a patient (case No. 16-M) 
in the eleventh day of a sharp attack and when the fever was already 
falling. 

The foregoing test would indicate, therefore, that rhesus So. 
302 had developed a resistance to infection with virulent typhus 
blood as the result of having been bitten bv head lice of groups 
Nos. 3-M and 4-M. 

On account of the importance of the question involved it was 
thought desirabLe to give rhesus No. 302 a second immunity test. 
Accordingly on February 1, having been returned to the Hygienic 
Laboratory, he was given an intravenous injection of 2.5 c. c. of 
typhus blood (New York virus). At the same time rhesus Nos. 
315 and 316 that had served as controls in the previous test were 
similarly inoculated. Following this inoculation none of these 
animals gave any appreciable evidence of reaction, although two 
other monkeys. Nos. 198 and 322, inoculated at the same time, 
reacted promptly and sharply, testifying to the virulence of the 
blood used for the test. The result of this test is in harmony with 
and confirms the result of the previous one and therefore strengthens 
the conclusion that the resistance of rhesus No. 302 to the immunity 
test was due to the bites of the head lice to which lie was previously 
subjected. 

Experiment No. 9. — Shortly after the lice-feedings on rhesus No. 
302 had terminated, a series of feedings with lice of group No. 5-M 
and group No. 6-M were begun on rhesus No. 304. The lice constitut- 
ing these groups were obtained from the hair clipped from the 
scalp of case No. '11-M and of case No. 12-M November 20, 1911, on 
admission to the typhus ward. One portion of these lice (group 
No. 5-M) was applied about 24 hours later to rhesus No. 304, 54 of 
the insects feeding. Thereafter they were applied daily in rapidly 
diminishing numbers until the morning of November 26. when a 
single survivor was given its last feed. 

Another portion, 18 in all, of the head lice from cases No. 1 1-M and No. 
12-M (group No. 6-M) were reapplied to case No. 11-M on November 21, 
or about 24 hours after they were isolated. On the succeeding day they 
were applied to the monkey and thereafter were applied twice daily 
in diminishing numbers until the afternoon of November 26, when a 
single survivor of the group obtained its last feed. Throughout the 
experiment the lice were kept at room temperature (about 14° to 
24° O). During a period of observation of 32 days following the last 
exposure to the bites of groups Nos. 5-M and 6-M this animal gave no 
indication of a reaction. On December 29, or 33 days after the last 
exposure, this animal was given an intraperitoneal injection of 6 c. c. 
of defibrinated blood of case No. 35-M diluted with an equal volume of 
saline solution. Three days later rhesus No. 304 received an addi- 
tional intraperitoneal injection of 4 c. c. of defibrinated blood from 
case No. 39-M, also diluted with an equal volume of saline solution. 
Following this inoculation the animal very promptly developed a 
sharp reaction of 10 to 11 days' duration. The result of this immu- 
nity test indicates that the repeated bites of the head lice of groups 
Nos. 5-M and 6-M failed to confer any resistance to a subsequent 
inoculation with virulent typhus blood. 



March 1, 1912 



304 



Experiment No. 10. — In this experiment two groups of head lice 
(No's. 15-M and 17-M) were repeatedly applied and allowed to feed 
on rhesus No. 322. Group No. 15-M was isolated in the afternoon of 
December 19, 1911, from the 'hair clipped from the scalp of case 
No. 26-M, a patient in the ninth day of an attack of typhus fever. They 

were kept until the following day at room 
temperature (14° to 22° C). At 12.45 
p. m. December 20 they were applied to 
case No. 27— M, a patient in the twelfth 
day of an attack of typhus. About 3 
hours and 20 minutes later these lice, 37 
in all, were for the first time applied and 
allowed to feed on rhesus No. 322. After 
this they were applied twice daily in rap- 
idly diminishing numbers until December 
26, when only 2 survivors remained. 

Group No. 17-M was isolated from the 
hair clipped from the scalp of case No. 
28-M, a patient in the tenth day of an 
attack of typhus, in the afternoon of 
December 20, 1911. At 11.30 a. m. of 
the following day these lice were reap- 
plied to case No. 28-M, now in the 
eleventh day. Four hours later they 
were applied for the first time to rhesus 
No. 322, 15 feeding on this ■ occasion. 
Thereafter, these lice were applied twice 
daily in rapidly diminishing numbers 
until December 16, when only 2 sur- 
vivors remained. Throughout the ex- 
periment the lice were kept at room tem- 
perature (about 14° to 22° C). 

During a subsequent period of 25 days 
this animal gave no indication of a reac- 
tion. Thirty days after the final appli- 
cation of the lice, namely, on February 1, 
1912, this monkey was given an immunity 
test consisting of an intravenous inocu- 
lation of 2.5 c. c. of defibrinated blood 
of rhesus No. 184 (New York virus). 
After an incubation period of 8 days this 
monkey developed a sharp reaction, indi- 
cating that the lice had failed to transmit 
the infection and confer immunity. 

STTMMAKT. 
I. 

(a) In one of two attempts to trans- 
mit typhus fever (New York virus- 
Brill's disease) from monkey to monkey 
by means of the bite of the body louse (Pediculus vestimenti) the 
monkey bitten by the presumably infected lice developed a fever of 
short duration followed by a relapse and later . progressive emacia- 
tion, and death, with no macroscopic lesions at necropsy. 











|_!:::::::.:::: 






_j 


! 


j... e Z 




..i::.— 


' 


_...> 




< 




—.;►:::: 




___j' 


" 


















i 'a 


-> L. 


• o!. 


s r 




i :::zk'-X--'- 




!"_..__^ 






O 


!i:::::t:i::: 


r — ' 


r. t___ 






o 


T.._.,+r . 




|JL — I-S--- 


o 


r... ~.J2 -. 


m 


A j/ _ 


S 


i J___. 


----- ,q 


L?..f ___ s _i__. 


t>» 


i. / 


^ 


\1 j 




., ?___: 




iJ i«___ 




- ... iU-— 


.9 




i. ift 


■z. . A 


t" t£> 


" A 




L- J v 




rK * -i ^ 




"*" <£ 










..... ^ 


o - ~r~~ v" 




t- s_ ^ 




. f'*** * 




* j* ™" 


1 - ~ 3 


r*-. 


j ° 


»..;>::::::: 


CD 


-.<* 


3 


\.X> 


. __ g 


U—t 




L...V 


°M §* 


LI — -'j._- ... 


— 1 


r, J 


L e- 1 


c ; 


I 


■ V .... 






• 






' - J3.T 




u €--X 


_ _ - iWl S 


' X-"- 


-4 


i. <!_.=. 




• X-—)-X 


„ W 


t.s. 




, s..=. 




r t > ,, 




"X-—r-~-z- 




^ L-". 




,_ \»_ 




,?..=. 




■ <^-.!!. 




„ z> ■■ 




^ £:_^: 








1 1 1 1 1 1 1 «■ a» 


' ' s *l ^ '.',"# **W 



305 



March 1, 1912 



o 
"A 



1 — -- 


s ~ 


J 




- ? - 


- ~^J 


K 


- ^ j ■ , 


1 ^ 


" d » 


s 


> r r 


i " |_ 1-! 


> L. L_ 


' j 


- 






~ < - 


-" „N 


S 


A 


a ■: 


* _.:> 


. .__;' 


u _.k ,_.. 


< 


* — :__j 


^ 


^ _r ^ 


.^ i 


w j_ > i 


^ i 


w ^ 


's! iL-j ^ 


* \ 




" -;-~_ 


n „ <' 






LsfswU-HaEMfiUa -- 


h t. :::r:;;::::._.. 






1 „:::::._„ 


<J - L 


* ..V 


- — ::::.. J 


„-" i 


5 ,.? 


„ — :_..«:! 


-" __> 


. — „ «' 


- — :.__ 


«, <' 




_j " -i J 


j l N 


L t 


) j -4 


L -Ik t- 


V 






- 


" ,:; 


, <:: 


* "5 




" "" 2 ' 1-l 


1 * * 


2 


? s 


* 5 


it 


" 5 i 


^"::;:;::::::.. 


._ s 


i s 




1 




h <* I _j_ .j 


" ^* 


** 




.- ' i 


** 2 


< s T -f t 


** 2 


« i" " _r j JZT 


<* I 




S*<gNP1?;^?«;B»*jF 


*s 'a '« "P5 .._ 



March 1, 1912 



306 



(b) Two attempts to transmit typhus fever (New York virus) from 
monkey to monkey by means of subcutaneous injections of suspen- 
sions or chloroformized and crushed lice resulted negatively. 

(c) In one of two attempts to transmit typhus fever (Mexican 
virus) from man to monkey by means of subcutaneous injection of a 
saline suspension of crushed body lice, the monkey so inoculated has 
resisted two subsequent inoculations with virulent typhus blood (New 
York virus). 

Chart No. 4 
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Chabt No. 4.— Temperature curve of rhesus No. 314 following immunity test; control on rhesus No. 302, 

Chart No. 5 
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Chakt No. 5.— Temperature curve of rhesus No. 315 following immunity test; control on rhesus No. 302. 
Chart No 6 
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Chakt No. 0. — Temperature curve of rhesus No. 316 following immunity test; control on rhesus No. 302. 

The foregoing results are in harmony with and confirm those 
reported by previous workers. 

In tliis paper we present the first evidence incriminating any 
insect other than the body louse as an intermediary in the trans- 
mission of typhus fever: 

(a) In an attempt to transmit typhus fever (Mexican virus) from 
man to monkey by subcutaneous injection of a saline suspension of 
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crushed head lice {Pediculus capitis), the monkey developed a typical 
febrile reaction with subsequent resistance to an inoculation of viru- 
lent typhus (Mexican) blood. 

(6) In one of three experiments to transmit typhus fever (Mexican) 
from man to monkey by means of the bite of the head louse (Pedi- 
culus capitis), the animal bitten by the presumably infected head 
lice proved resistant to two successive immunity tests with virulent 
typhus blood . 

CONCLUSIONS. 

1. The body louse (Pediculus vestimenti) may become infected with 
typhus. The virus is contained in the body of the infected louse and 
is transmissible by subcutaneous injection of the crushed insect or 
by its bite. 

2. The head louse (Pediculus capitis) may become infected with 
typhus. The virus is contained in the body of the infected louse and 
may be transmitted by subcutaneous injection of the crushed insect 
mid, we believe, also by its bite. 
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SCHOOL CLOSURE IN THE CONTROL OF EPIDEMICS OF 

MEASLES. 

The control of outbreaks of measles has usually been found diffi- 
cult. This has been so to such an extent that in many cities no 
attempt at control is made. Under these .circumstances the disease 
very probably subsides only after it has attacked a considerable 
proportion of the susceptible children and remains in a state of 
relative inactivity until a sufficient number of other children reach 
an age when their relation to the community life makes them available 
material for a new epidemic. 

Studies of outbreaks of measles and of the effect of measures aimed 
at th sir control are of special interest to municipal health authorities. 
Dr. Raffle, school medical officer of South Shields, England, reported 
in the Lancet (London) of February 3, 1912, an outbreak of measles 
in which the closing of the schools seemed to have a decided limiting 
effect on the spread of the infection. The following is the report : 

SCHOOL CLOSURE IN MEASLES. 

To those working on the preventive side of medicine school closure as a means of 
controlling epidemics is always an interesting question. Opinions differ as to its 
efficacy even amongst medical men, and the present article is an account of how it 



